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Abstract
Introduction: The aim of this study was to evaluate the diagnostic value of conventional ultrasonography (USG) and 
color Doppler ultrasonography (CDU) with elastography strain ratios (ESR) in discrimination between benign and 
malignant lymphatic nodes.
Material and methods: Two hundred and forty-seven patients (252 lymph nodes) were included in this study. USG and 
CDU with ESR were performed. Materials were obtained by using fine-needle or vacuum-assisted aspiration methods 
depending on the site and condition of lymph nodes. The χ2 test and Student’s t-test were used for comparisons.
Results: Ninety-two of 252 (36.5%) lymph nodes were malignant, and 160 (63.5%) were benign. Short axis, S/L ratio, 
presence or absence of the fatty hilum and extra-hilar vascularity were valuable, statistically significant indicators of 
malignancy. In contrast, long axis and ESR were not significant indicators of malignancy. The short axis cut-off value 
was calculated to be 12 mm and the S/L ratio cut-off value was calculated to be 1.
Conclusions: Long axis of lymph nodes and strain ratios cannot be used as malignancy criteria, and their use is contro-
versial despite the fact that some studies have found them valuable. On the other hand, our results support common 
knowledge that the short axis, S/L ratio, absence of the fatty hilum, and extrahilar vascularity are significant indicators.
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Introduction
During follow-up or even routine examinations, gray-scale 
ultrasonography (USG) combined with color Doppler 
ultrasonography (CDU) can often detect lymph nodes that 
appear pathological due to an unknown cause. Atypical 
lymph nodes can be detected in any area, including healthy 
individuals, in acute or chronic infections, and metabolic 
and rheumatoid diseases. However, when the radiologist 
defines lymph nodes as “atypical”, clinicians may be prone 
to perform additional and sometimes unnecessary invasive 
procedures such as needle or excisional biopsy.
According to the literature, abnormal lymph nodes are 
those spherical in shape, with a short-to-long-axis ratio 
(S/L ratio or roundness index) > 0.5, with absent central 
echoic hilum, an irregular cortex, ill-defined borders, or 
presence of vascular signals outside the hilum [1].
Elastography, a recently developed diagnostic method, 
can contribute additional information to conventional 
USG findings. Two kinds of elasticity assessments can 
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be performed other than the shear-wave approach. First, 
visual scoring of colors within and around the lesions 
using a 4- or 5-point elastographic scale, measuring the 
relative proportion of the intra-lesion low strain areas, 
can be used. In such assessments, the stiffer the tissue, the 
higher is the score. Second, two regions of interest (ROIs) 
can be placed over the target region and adjacent refer-
ence tissue consisting of normal muscle or subcutaneous 
fat. The strain ratio is then automatically computed by the 
USG device. According to some studies, strain ratio values 
above a certain cut-off value indicate an increased likeli-
hood of malignancy [2-6].
In daily practice, interventional radiologists often see 
many pathological or suspicious lymph nodes in a single 
examination, and they may need to choose the most ap-
propriate candidates for further workup.
The aim of this study was to evaluate conventional 
USG and CDU findings with elastography strain ratios 
(ESR) that could predict histological features, benign or 
malignant, of lymph nodes.
Material and methods
We prospectively included 247 patients of our institute and 
252 lymph nodes after performing USG-guided biopsies 
between September 2014 and December 2016.
Twenty-seven lymph nodes were excluded due to in-
adequate material and unreliable results.
Before the procedure, all patients were questioned for 
contraindications such as anticoagulant treatment or an-
xiety that could interfere with biopsy.
After sterilization, topical lidocaine solution (Vem-
caine Pump Spray 10%) and 5-10 ml of bupivacaine solu-
tion (Bustesin solution 0.5%) were used as anesthetics to 
reduce the pain at the procedure site.
Imaging procedure
USG was performed with the Aplio 500 device (Toshiba 
Medical Systems Europe), with a 7.2–14 MHz linear probe. 
The probe was covered with a sterile instrument. Samples 
were obtained by using fine-needle or vacuum-assisted 
aspiration depending on the site and condition of lymph 
nodes. Fine-needle biopsies were performed with 22-G 
needles, and vacuum-assisted biopsies were performed with 
18-G needles.
The vacuum-assisted method was preferred if nodes 
contained pure solid material and were placed far away 
from neurovascular structures.
All procedures were performed by the same interven-
tional radiologist with 4 years of experience.
After hemostasis was confirmed, sings of bleeding un-
der the skin were controlled. All patients were observed 
for a short period of time.
After the histopathological results were obtained, con-
ventional ultrasound findings were evaluated for compar-
ison. They included long axis, short axis, short axis/long 
axis ratio (S/L), presence or absence of the fatty hilum, 
extrahilar vascularity on CDU imaging, and ESR.
Statistical analysis
IBM SPSS Statistic version 22 was used. The χ2 test and 
the Student’s t-test were used for comparisons.
ROC analysis was used for calculating cut-off values.
Ethical statement
This study was approved by our Institute’s Research Ethics 
Committee (15.12.2015 no: 275), and informed consents 
were obtained from all patients prior to enrollment. 
All procedures performed in studies involving human 
participants were in accordance with the ethical standards 
of the institutional and national research committee and 
with the 1964 Helsinki declaration and its later amend-
ments or comparable ethical standards.
Informed consent
Informed consent was obtained from all individual par-
ticipants included in the study.
Results
Fifty-three of 247 (21.5%) patients were male and 194 
(79.5%) were female.
The patients were aged between 10–86 years (mean: 
50.15 years).
Ninety-two of 252 (36.5%) lymph nodes were malig-
nant, and 160 (63.5%) were benign.
Histopathological results are shown in Table 1.
Table 1. Distribution of benign and malignant histopathological results
No of nodes %
Benign (160) Non neoplastic lymphoid 
   tissue
Reactive hyperplasia
Granulomatous  
   lymphadenitis
Necrotic lymphoid tissue
104
38
13
5
65.0
23.8
8.1
3.1
Malignant (92) Carcinoma from unknown 
   origin
Breast ca metastasis
Lymphoma
Thyroid ca
Nasopharynx ca
Sarcoma
Lung ca
Anaplastic ca
34
29
12
9
4
2
1
1
37.0
31.5
13.0
10.0
4.3
2.2
1.1
1.1
Total 252
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Distribution of malignancy ratios according to the re-
gions are shown in Table 2.
Short axis, S/L ratio, absence of echogenic hilum, and 
extra-hilum vascularity on power Doppler imaging were 
valuable, statistically significant features of malignant 
changes (p < 0.01).
The short axis cut-off value was calculated to be 12 mm, 
with sensitivity of 65% and specificity of 77%.
The S/L ratio cut-off value was calculated to be 1, with 
sensitivity of 100% and specificity of 97.5%.
In contrast, long axis and ESR were not significant fea-
tures of malignancy.
Table 3 shows imaging features of benign and malig-
nant lymph nodes.
Discussion
Many studies have evaluated sonographic features of lymph 
nodes, and the majority of them prefer evaluations based 
on lymph nodes placement site. The main advantage of this 
method is that lymph nodes may show regional characteris-
tics typical for tumors that infiltrate them. Metastatic nodes 
tend to be hypoechoic compared with adjacent muscles 
[7,8]. However, metastatic nodes from the papillary carci-
noma of the thyroid gland are usually hyperechoic. This 
hyperechogenicity of lymph nodes is believed to result from 
intranodal deposition of thyroglobulin, which originates 
from the thyroid primary tumor [9]. In our study, we tried 
to define the features of malignant lymph nodes. 
The overall malignancy ratio was 36.5%, and it was 
higher than the ratio reported in similar articles (20-25%). 
This study was based on data from oncological inpatients, 
and the majority of lymph nodes were studied in patients 
who remained under long-term oncological follow-up. 
This can account for the high malignancy ratio in our 
study. Our patients were predominantly female (79.5%). 
In our institute, there are many patients with thyroid and 
breast diseases that are diagnosed more commonly in fe-
males.
At first glance, common cancers like breast and thy-
roid cancers were frequent in our study. Biopsies were 
performed in the neck, axillary, and inguinal regions, and 
those cancers tend to spread within these regions as well.
The majority of benign lesions were diagnosed as 
non-neoplastic lymphatic tissue. This is the name given by 
our pathologist to benign lymph nodes. There were also 
other findings, such as reactive hyperplasia, lymphadenitis, 
and necrotic lymph tissue, but they had a lower prevalence.
First, dimensions of the nodes were evaluated. The dif-
ference between the long axis of benign and malignant 
lymph nodes was not statistically significant. Regardless of 
the etiology, infiltrated lymph nodes were enlarged. But for 
the differentiation between benign and malignant lymph 
nodes, the longest dimension of the nodule was not a val-
uable indicator because benign causes may also lead to en-
largement (e.g. inflammation). Additionally, lymph nodes 
with micrometastases may be small.
Malignant lesions diagnosed in the axillary region were 
mostly breast carcinoma. In the neck, there were various 
malignant lesions on histopathology. The majority of them 
were thyroid carcinoma metastases and lymphomas, prob-
ably because of proximity. Finally, in the inguinal region, 
the majority of the malignant lesions were lymphomas.
The short axis and S/L ratio were statistically signifi-
cant indicators of malignancy. In our experience, one must 
be aware of malignancy if node enlargement is seen in the 
short axis with a high S/L ratio. Malignant nodes tend to be 
spherical with S/L ratio higher than 0.5. The cut-off value 
was calculated to be 1, with sensitivity of 100% and speci-
ficity of 97.5%. This result indicates that the closer a lymph 
node is to be spherical, the closer it is to be malignant.
In our study, the mean short axis diameter was higher 
in malignant lymph nodes than in benign nodes, and the 
difference was statistically significant. This is in line with 
previous studies [9,10]. Metastatic lymph nodes are very 
cellular because of tumor cell infiltration. Tumor cells de-
Table 2. Malignancy ratio of the lymph nodules according to their regions
Region No of nodules Malignant 
nodules
Malignancy 
ratio
Neck all levels 126 34 27.0
Axillary 116 55 47.4
Inguinal 10 3 30.0
Total 252 92 36.5
Table 3. Imaging features of benign and malignant lymph nodes
Imaging features Benign Lymph nodes (n = 160) Malignant lymph nodes (n = 92) p
Conventional ultrasound features 0.09
Long axis diameter (mm), mean (SD) 22 (6.75) 22.37 (11.35) < 0.01 
Short axis diameter (mm), mean (SD) 9.17 (3.45) 14.1 (6.63) < 0.01 
Ratio of short axis to long axis, mean (SD) 0.48 (0.17) 0.67 (0.18) < 0.01 
Hilar loss no (%) of nodules 31 (17.8) 64 (68.3) < 0.01 
Extrahilar vascularity at PD no (%) of nodules 13 (8.2) 33 (37.8) 0.11
Strain ratio, mean (SD) 2.94 (3.61) 3.93 (3.71)
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stroy normal architecture of lymph nodes, thereby lead-
ing to changes in shape. Under normal conditions, most 
lymph nodes have an oval shape. After infiltration, tumor 
cells disorderly invade all parts of the node. With increas-
ing cellularity, the node becomes spherical. Ying et al. [8] 
serially monitored the size of lymph nodes in patients with 
a known malignancy. An increase in nodal size on serial 
examinations is highly suspicious of metastases. In addi-
tion, a serial change in the size of metastatic nodes is useful 
for monitoring response to treatment. Based on ROC anal-
ysis, the cut-off value was calculated to be 12 mm. Sensitiv-
ity and specificity values were 65% and 77%, respectively.
Extrahilar vascularity was also evaluated. Malignant 
lymph nodes more often than benign nodes had extrahilar 
vascularity, and this difference was statistically significant. 
There are many articles that support this finding. In the 
neck, about 90% of lymph nodes with a maximum trans-
verse diameter greater than 5 mm show a hilar vascularity.
Normal and reactive lymph nodes tend to demon-
strate hilar vascularity or appear as avascular. How ever, 
metastatic lymph nodes usually have a peripheral or 
mixed (hilar and peripheral) vascularity [11,12]. Gupta 
et al. [9] found that 93.5% of reactive lymph nodes had 
a hilar vascularity, and 91.7% of metastatic lymph nodes 
had a peripheral vascularity (n = 64).
Subsequently, obliteration of the fatty hilum of lymph 
nodes was evaluated. The presence of an intranodal echo-
genic hilum was considered as a sign of benignity. In our 
study, the difference between the ratios of absence of the 
fatty hilum in benign and malignant nodes was statisti-
cally significant. Gronkiewicz et al. [13] found this fea-
ture as the only significant indicator in their study with 
24 patients. On the other hand, Yeon Hwa Yoo et al. [14] 
did not find a statistically significant difference between 
malignant and benign nodes with respect to this feature 
in their study with 124 patients. Obliteration of the fatty 
hilum can be seen as the final step of cortical thickening. 
The fatty hilum can be infiltrated by inflammatory or tu-
mor cells, and it is impossible to distinguish the hilum 
and the cortex of the node. Additionally, it is challenging 
to measure the real cortical thickness of the node. There-
fore, we decided to evaluate the absence of the fatty hilum 
without cortical thickening to obtain clear results.
Finally, ESR ratios were compared. The mean strain 
ratio of malignant nodes was higher than the mean strain 
ratio of benign nodes. However, the difference was not 
statistically significant. It can be clearly seen that standard 
deviations were high when comparing strain ratios. Park 
et al. [15] used strain-wave elastography and did not find 
any contribution of elastography in comparison to con-
ventional ultrasonography in a study including 104 nodes. 
That study evaluated axillary lymph nodes in terms of per-
centages of hard areas.
Strain ratio values are affected by the adjacent tissues 
and are highly user-dependent, which lowers the reliabil-
ity of this method. To solve this problem, muscles were 
chosen as the reference, because muscles can be found 
easily at the procedure site that we focused on. On the 
other hand, there is a potential problem regarding muscle 
contractions, which can affect the stiffness. Therefore, one 
limitation of this study is that due to lack of appropriate 
equipment we were not able to use shear-wave elastogra-
phy, which is newer and potentially more objective. We 
did not evaluate calcifications, central necrosis (cystic 
area), and CDU measurements of lymph flow. In our ex-
perience, central, cystic areas and calcifications are rarely 
seen in lymph nodes, and to see statistically significant 
effects, a larger group of patients is needed. This is another 
limitation of our study. Additionally, there are many color 
Doppler features that can be evaluated in separate studies.
Conclusions
In conclusion, we postulate that the long axis of the lymph 
node and strain ratios cannot be used as criteria of malig-
nancy and their use is controversial despite the fact that 
Figure 1. Malignant lymph node. A 58-year-old female. Submandibular 
region. Long axis: 20 mm. Short axis: 16 mm. S/L ratio: 0.8. Extrahilar vas-
cularity. Pathology: Metastasis of nasopharyngeal cancer
Figure 2. Benign lymph node. A 47-year-old female. Submandibular region. 
Long axis: 13 mm. Short axis: 5 mm. S/L ratio: 0.4. Hilar vascularity. Patho-
logy: Reactive hyperplasia
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Figure 3. Comparison of conventional ultrasound and strain ratio features 
between benign and malignant lymph nodes
some studies have found them valuable. There is a com-
mon presumption that if a lymph node is enlarged it tends 
to be malignant. On the other hand, our results support 
articles that state that the short axis, S/L ratio, absence of 
the fatty hilum, and extrahilar vascularity are significant 
indicators of malignancy. Figures 1 and 2 show malignant 
and benign lymph node characteristics. Figure 3 summa-
rizes ultrasound and strain-wave elastography findings in 
benign and malignant lymph nodes.
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